Background: Linear frontal bone fractures are common injuries in road traffic accidents. Pneumocephalus and CSF (cerebrospinal fluid) leak are both factors influencing their outcome. Persistent pneumocephalus and CSF leak are main indications for surgical treatment.
Background
Linear frontal bone fractures are one of the most common injuries following road traffic accidents. Anterior skull base fractures involving the frontal bone are seen following a head injury (1) . There may be isolated frontal bone fractures with or without involvement of other structures of the brain. The associated injuries noted are epidural/subdural/intraparenchymal hematomas, cerebral contusion or dural laceration. Anterior cranial base is formed by the frontal, sphenoid and ethmoid bones. It has been divided into lateral and medial regions for clinical, anatomical and radiological consideration. The posterior wall of the frontal sinus forms the anterior limit. Cribriform plate forms the medial portion, anteriorly by the ethmoid bone and posteriorly by planum sphenoidale. The lateral portion is formed by the smaller wing of the sphenoid bone and frontal bone (2) . Frontal cranial base fractures have been classified in different ways in literature (3) (4) (5) (6) (7) (8) . Surgical indications for anterior skull base fractures are still debatable. The presence of pneumocephalus in brain imaging is a predicting factor for CSF leak. Persistent pneumo-cephalus and CSF leak are indications for surgery.
Objectives
The predicting factors for CSF leak, indications for surgery and outcome of patients were analyzed retrospectively in this study.
Methods
This retrospective study was done from June 2011 to May 2015. A total 121 patients who were admitted with a frontal bone fracture in SRMC & RI, Chennai, India were included in this study. Linear frontal bone fractures with or without pneumocephalus were the main inclusion criteria. Patients with associated EDH, SDH, SAH or contusion were excluded from the study. All patients were evaluated with a computed tomography (CT) three dimensional (axial, sagittal, and coronal) brain scan reconstruction. An MRI for on 9 patients with CSF leak was done on the brain. Depending on clinical, radiological and surgical indications, we categorized patients into three main types, Type C. Fracture of the frontobasal region without involving the frontal sinus.
All three-groups of patients were analyzed retrospectively. Serial CT brain scan with bone window was done on all patients. Presence of pneumocephalus, CSF leak and meningitis were all recorded. A statistical analysis was performed (Fisher's exact test) comparing the clinical and radiological findings on the three groups.
Results
In our study from 2011 to 2015, a total number of 121 patients with linear frontal bone fractures were included. Clinical and radiological data are reported in On brain CT scan, 24 (19.8%) patients showed pneumocephalus, which resolved within an average of 8 days following admission in 15 (62.5%) patients and the remaining 9 (37.5%) patients had persistent pneumocephalus. Out of 121 patients, 35 (28.9%) patients had a CSF leak, of which 26 (72.2%) patients were treated conservatively and the remaining 9 (25.7%) patients needed surgical intervention in view of persistent pneumocephalus and CSF leak. Eight patients developed meningitis in our series.
Conservative Group
In this group the mean age of the patients was 41 years (range 9 to 83years); 70 (62.5%) patients were males (76%) and 42 (37.5%) females. Type A had 63, Type B had 31 and Type C had 18 patients. Group A, with 63 patients, showed an anterior frontal sinus fracture with no radiological signs of displacement or deformity. Type B group, which included 48 patients with linear or slightly displaced fracture (< 2 mm) of the posterior wall of the frontal sinus, with features of pneumocephalus and/or CSF leak, were treated with bed rest and observation. In Type B, out of 31 patients, 22 (70.9%) patients had a CSF leak, which were treated conservatively. In Group C, 4 patients who had a CSF leaks were treated similarly. Pneumocephalus was present in 26 (83.8%) patients in Group B and 3 (16.6%) in Group C. There were 8 (16.3%) cases of meningitis in Group B and C, which were treated with appropriate antibiotics. The average stay in the hospital was 10 days ranging from 5 to 29. Morbidity included: one case of paresthesia, one case of scar retraction and eight cases of anosmia at follow-up.
Surgery Group
A total of 9 patients underwent surgical intervention for persistent CSF leak. The mean age of patients in this group was 37.6 years (range 12 to 47 years); 7 patients were males (77.7%) and 2 females (22.3%). Indication for surgery was persistent for the pneumocephalus and CSF leak. Nasal endoscopy was done in all cases; however transcranial surgery was preferred in view of large and lateral frontal defect. Bicoronal incision was placed in all cases. We preferentially used the bicoronal approach with wide exposure of the frontal bone for bifrontal craniotomy. The pericranial flap isolated at the initial part of the surgery was to be used as an inlay graft. Once the defect is defined, it is packed with muscle fascia as an inlay graft and followed by an onlay pericranial graft. The frontal sinus was exteriorized. Fibrin glue was used to perform frontal sinus cranialization and obliteration in 2 patients. The average period of stay was 8 days, ranging from 5 to 10 days. There was no postoperative mortality. Four patients had anosmia, which recovered within the mean period of 4 months. Postoperatively, only one patient showed minimal pneumocephalus in the CT scan and had no evidence of a CSF leak.
Discussion
Linear frontal bone fractures are simple head injuries with morbidity if they develop CSF leak and meningitis. Initial evaluation can be done with a CT brain scan with a bone window. A simple linear frontal bone fracture requires observation. Frontal bone fractures with pneumocephalus require special attention in view of a CSF leak and meningitis (9, 10) . These patients should be managed carefully with adequate bed rest and antibiotics. The clinical inspection must always test the presence of a CSF leak. The CSF leak was confirmed using β2 transferrin test, which was helpful to obtain a differential diagnosis from mucous or serous secretions of the nose. X-rays of the skull could be a useful image tool in the diagnosis of pneumocephalus, although used in the past, today with advent of a CT scan it is outdated. In the literature, there are no clear guidelines for conservative or surgical indications in the management of frontal bone fractures. In Type A fractures, the indication for surgical treatment was the patient's facial aesthetic concern. The simple linear fracture of the frontal bone along with the sinus can be treated conservatively without a need for surgery. In patients with Type B fractures, some authors recommend that nondisplaced posterior wall fractures to be treated conservatively with close follow-up with antibiotic coverage (11, 12) . However, patients with displaced fractures, CSF leak and signs of pneumocephalus show a high risk of meningitis and 2 Trauma Mon. 2018; 23(1):e68228. the majority of these patients. The subfrontal approach has proved to be safe when treating frontobasal fractures. It gives an access with a wide visibility of the anterior skull base (13) (14) (15) . It allows an exposure of the posterior wall of the frontal sinus avoiding retraction of brain. Pericrainal fascia and free muscle/facial flaps were used to close the defect and fibrin glue was used as an adjunctive in only one case. There was no CSF leak noted postoperatively in any of the patients after a follow up of 6 months.
Conclusion
Linear frontal bone fractures are common fractures seen in trauma. The linear frontal bone involving the anterior wall of the frontal sinus (Group A) can be treated conservatively. Complications of frontal bone fractures are CSF leak and meningitis, which are higher if the posterior wall of the frontal sinus is involved (Group B). Frontal bone fractures with a persistent CSF leak or pneumocephalus require surgical treatment to prevent recurrent meningitis at the earliest with complications back in the mind.
